The causal relationship between economic growth and energy consumption represents a widely studied topic in energy economics literature. Although it is well known that there is a strong correlation between energy consumption and economic growth, the issue of causality is still controversial. The paper investigated the causal relationship between energy consumption and economic growth in Kenya using published data. By using the Ganger-causality Error Correction Model, the results suggest that economic growth causes energy consumption in Kenya. The implication of the study is that energy conservation measures would not lead to negative effects on the country's economic growth.
INTRODUCTION
Energy plays a key role in the economy from both the demand side and supply side. On the demand side, energy is one of the basic items that a consumer buys to maximize her utility. On the supply side energy is a key factor of production just as capital, labor, land and materials, a fact that is hardly included in the macroeconomic growth theories.
As from the oil crisis of 1970s, and its effects on the economies has brought to the right the importance of energy as a factor of production beside labor and capital. Energy determines the economic growth of a country and its standards of living. There is thus a causal relationship running from energy to economic growth or vice versa. Although it is well known that there is a strong correlation between energy and economic growth, the issue of causality is still controversial (Masih and masih, 1996; Stern, 1993; Ebohon, 1996; Cheng and Lai ,1997; Ghali and El-Sakka, 2004) .
This raises such important questions as: whether energy is a stimulus to growth, or whether economic growth is a stimulus to energy consumption. The answers to these questions have important implications for policy makers on energy.
If causality runs from energy to Gross Domestic Product (GDP) then, the economy is energy dependent. According to Jumbe (2004) , economic growth is determined by energy consumption. If this is the case, a shortage of energy supply may negatively affect economic growth leading to poor economic performance and increased unemployment. On the other hand, if causality runs from GDP to energy, it means that the country is not energy dependent. That is, energy conservation policies may be implemented without adversely affecting economic growth and employment. In the event that there is no causality in either direction, (referred to us as neutrality hypothesis), then energy and GDP are not correlated. The country can implement energy conservation policies without affecting economic performance of the country.
It is therefore important to empirically determine the relationship between energy consumption and economic growth. This will add information on the current debate on global warming where countries are supposed to reduce emissions of Greenhouse Gases that pollute the environment. There will be added information on the effect of conservation of energy on economic growth. If causality is from energy to GDP, then conservation of energy will have a negative effect on economic growth. The results are beneficial to energy investors and planners.
Kenya has developed Vision 2030, which contains a long-term strategy for transforming the country into a middle-income economy in the next two decades. In the first medium plan (2008) (2009) (2010) (2011) (2012) of vision 2030, three projects dealing with energy are identified, namely: a rapid rural electrification, an increase of energy access; and a least cost power development programme to generate additional 505MW of electricity (Republic of Kenya, 2007a) . These projects are meant to enable the country achieve the Vision. In this Vision, it is not clearly known whether energy drives the economy or vice versa. Causality analysis of energy and economic growth is essential in the achievement of this Vision.
LITERATURE REVIEW
Given the importance of energy-income causality analysis, many studies have been carried out in both developed and developing counties. There is no consensus on the results obtained. Kraft and Kraft (1978) , in their study on USA economy, supported unidirectional causality hypothesis for the period 1947 -1974 . Erol and Yu (1987 investigated the relationship between energy consumption and GDP for England, Italy, Germany, France, Japan and Canada using the 1952-1982 data. The results showed bidirectional causality for Japan, unidirectional causality running from energy consumption to GDP for Canada, and unidirectional causality running from GDP to energy consumption for Italy and Germany. The study did not find any causality for France and England. Stern (1993) examined the relationship between energy consumption and GDP for USA using multivariate cointegration model. The results showed no relationship between the two variables. This contradicts Kraft and Kraft (1978) `s findings. Ebohon (1996) investigated the causality between energy consumption and economic growth for Tanzania and Nigeria. The study found a bilateral causality between energy consumption and economic growth for both countries. Masih and Masih (1996) , in their study for the Philippines, found no causality between energy consumption and economic growth. In another study, Masih and Masih (1997) found bidirectional causality for Korea and Taiwan. In the study done by Chenge and Lai (1997) for Taiwan province of China, found causality running from economic growth to energy consumption, and from energy consumption to employment without feedback. Shyamal (2004) examined the causal relationship between energy consumption and economic growth in India for the period 1950-1996. Applying Engle-Granger cointegration and the standard Granger causality methods, the study found bi-directional causality between energy consumption and economic growth.
Some studies study the relationship between energy and economic growth by separating energy into its components. Jumbe (2004) , examined the relationship between electricity consumption and GDP for Malawi for the period 1970-1999. The study found bidirectional causality between electricity consumption and GDP. However, when the study examined the relationship between electricity consumption and non-agricultural GDP, the study found a unidirectional causality relationship between the two variables. Ghosh (2002) examined the relationship between economic growth and electricity consumption of India between 1950 and 1997. The study found a unidirectional causality relationship from economic growth to electricity consumption.
From the literature review, it is observed that the results are mixed; including bilateral, unidirectional and no relationships between energy consumption and economic growth. It is therefore important to examine the case in Kenya, especially now that the country has set up Vision 2030.
This paper addresses the issue of energy-income causality by using the Granger causality error Correction model (ECM) approach. The following section discusses energy profile in Kenya.
KENYA'S ENERGY PROFILE
In Kenya, sources of energy comprise both commercial and non-commercial alternatives. Commercial sources of energy include petroleum products and electricity, while noncommercial ones, comprise biomass and to a lesser extent other alternative renewable energy such as solar energy, wind power and biogas.
Crude oil is the leading source of the world modern energy supply. In Kenya, petroleum fuel is a major source of modern energy accounting for about 20 per cent of the total energy consumption. This form of energy is mainly used in the transport, industrial and commercial sectors. Consumption of petroleum was 3121.8 thousand tonnes in 2007, up from 3038.2 thousand tonnes in the previous year. The overall demand is projected to rise by 2% per annum on average to reach 2.93 million tones by financial year 2009/10 (Republic of Kenya, 2004) . Petroleum explorations are still going on in Kenya, and harvesting of this form of energy has not started. Therefore, the country relies on imported petroleum for its local consumption.
Electric power is another important source of energy in Kenya. It contributes about 10 per cent of the total energy consumed. This type of energy is mainly derived from hydro, thermal oil and geothermal sources. The installed capacity by 2007 were 677.3, 389.3 and 128 Megawatts for hydro, thermal oil and geothermal, respectively. In the past, the Kenya Power and Lighting Company (KPLC) carried out distribution and sale of electricity. Reforms that were introduced in the power sub-sector between 1994 and 2000 led to the separation of power generation and marketing. Kenya Electricity Generating Company Ltd (KENGEN) is now the major producer of electricity in Kenya. KENGEN does not satisfy the demand for electricity in Kenya. Because of this, private producers have been commissioned by KENGEN to supplement the power generated especially in times of drought. These private producers are in two categories, namely: the Independent Power Producers (IPPs) and the Emergency Power Producers (EPPs).
Most of the electricity in Kenya is hydro-based. The contribution of hydroelectricity to total electricity supply was 55, 51, and 57 per cent in the years 2005 , 2006 and 2007 , respectively (Republic of Kenya, 2007b . The contributions of thermal oil for the same periods were approximately 26, 30 and 27 percent, respectively. The contribution of geo-thermal for the same years was 18, 18 and 17 percent of the total electricity supplied, respectively. In addition to the above supplies of electricity, Kenya has an agreement with the Uganda Electricity Board (UEB) to supply the country with 30 MW annually. Electric power, is consumed by all sectors, but mainly in the large and medium commercial and industrial, domestic and small commercial and rural electrification. The consumption of electricity has grown over the years and it is expected to continue growing as the economy grows. and more especially, if the vision 2030 is to be achieved. Consumption of electricity by type of user in the year 2007 is illustrated in the following pie chart. Kenya, 2007, pp 186. Notes: DSC, represents domestic and small commercial LM represents large and medium (Commercial and Industrial) , while RE stand for Rural electrification.
FIGURE 1. ELECTRICITY CONSUMPTION

Source of original data: Republic of
Biomass is another source of energy in Kenya. Biomass resources are derived from forest formations such as closed forests, woodlands, bush lands, grasslands, farmlands, plantations and agricultural and industrial residues. These resources include wood fuels and agricultural residues. This type of energy leads in terms of total supply of energy in the country, supplying about 70 per cent of Kenya's total energy needs. About 80 per cent of the Kenyan population depends on wood fuel for domestic energy needs, providing 93 per cent and 80 per cent of the rural household and urban area energy requirements respectively (Republic of Kenya, 2000a) . These forms of energy are mainly utilized in the manufacturing commercial, transport and the residential sub-sectors.
For Kenya to meet its growing energy needs, the country faces both supply and demand side management constraints. The government has come up with energy policy to address these issues (Republic of Kenya, 2004) . However, for such a policy there is need to understand the causal relationship between energy consumption and GDP. The purpose of this paper is to determine such a relationship. Because of lack of appropriate DSC LM(C&I) R E official time series data on biomass energy, only electricity and oil are considered in this study.
METHODOLOGY, DATA AND MODEL
In order to investigate the relationship between energy and Gross Domestic Product (GDP) in Kenya, a two-step procedure was adopted. First, time series properties of the data were investigated by use of unit root test and long-run relationship investigated by use of cointegration analysis.
To carry out stationarity analysis, unit root test was used. Dickey and Fuller (1981) approach was applied by use of the following model:
The idea of using many lagged difference terms is to minimize the autocorrelation in the error term. In each case the Ho: δ=0 (there is a unit root). The test statistic on the parameter  was thus computed and compared to the critical values of  in Dickey and Fuller (1981) . Failing to reject the null hypothesis implies that the series contain unit root hence is non-stationary at levels.
In this study the ADF test was performed on log(GDP) and log(Energy) series. In both equations, the constant and the linear trend were included since this represents the most general specification.
Testing for co-integration was done using the Engle-Granger two-step procedure (Granger, 1986; and Engle and Granger, 1987) . The procedure involved testing whether the regression residuals of the following long-run regressions were stationary: log(percapita income) = a 0 +a 1 log(percapita energy)+ u 1 (2) log(percapita Energy) =b 0 +b 1 log(percapita income)+u 2 (3) where u 1 and u 2 are error terms assumed to be uncorrelated, with zero mean and constant variance. The two equations were estimated using Ordinary Least Squares method ( OLS).
In the second step, the causal relation between energy and GDP of Kenya was investigated. If the variables were non-stationary at levels and the linear combination of them was non-stationary, the standard Granger causality test was used. If the series were non-stationary at levels and there was a long-run relationship among the variables, then the ECM approach was used (Yang, 2000) .
The standard Granger causality analysis was however, done before the ECM. Following Granger (1969) , the statement that log(Energy) Granger causes log(GDP), means how much of the current log(GDP) can be explained by past values of log(GDP) and whether adding lagged values of log(Energy) can improve the explanation. The same applies to the statement that log (GDP) Granger causes log (Energy). Granger causality, however, does not mean that if one says log (Energy) Granger causes log(GDP), that log(GDP) is the result of log(Energy). The standard Granger causality was investigated by use of the following two regressions:
where u 1t and u 2t are error terms assumed to have zero means and uncorrelated, n and m are lag lengths and should were set to be the longest period over which one series predicted the other. The null hypotheses was that log(Energy) does not Granger cause log(GDP) in regression 4 and that log(GDP) does not Granger cause log(Energy) in regression 5. This was tested by F test for the joint significance of the parameters β j and α j .
When using the ECM approach causality was tested by estimating the following regressions:
Where Δ, is the first difference operator, while u^1 t-1 and u^2 t-1 are estimated residuals from equations 2 and 3, respectively. In this approach log (Energy) Grangercauses log(GDP) if either the coefficients on lagged log(Energy) are statistically significant or the coefficient on lagged error term (π) is statistically significant. Similarly, in regression 7, log(GDP) Granger-causes log(Energy) if either the coefficients on lagged log(GDP) are statistically significant or the coefficient on lagged error term (ρ) is statistically significant. Four lags were used in both equations. The choice of lag length was determined by testing the significance of the parameters θ,  , b and y. This lag length was a reasonable period on which the independent variable can influence the dependent variable.
The data used in this study were available from Kenya's Economic Surveys and Statistical Abstracts. From these documents, data on energy consumption per-capita and Gross Domestic per-capita were extracted. Because of lack of data on other forms of energy, only commercial energy (petroleum and electricity) were considered in this paper. Energy consumption per-capita was calculated by dividing total energy consumed each year by total population of the same year, while GDP per-capita was calculated by dividing the total GDP of the country in each year by the corresponding year's population. All the data were converted into natural logs before causality analysis.
EMPIRICAL RESULTS
The empirical results are presented in three stages. First there is the stationarity test ,followed by cointegration results and lastly causality results are presented.
Stationarity Test
As discussed before it was necessary to test for stationarity of the series. The results are presented in Table 1 . 
Notes: In brackets are Mackinnon p-values
The Mackinnon estimated values for rejection of the null hypothesis at 1%, 5%, and 10% are -4.25, -3.54, and -3.20 . Therefore, the null hypothesis of non-stationarity of the two series at levels was not rejected. The log of GDP per-capita and of energy consumption per-capita were stationary at their first differences. Income and energy series are therefore, integrated of order one. The lag length that removed serial correlation for first difference of both series was unit, and these were determined by use of Akaike Information Criterion (AIC) (Akaike, 1969) .
Cointegration Test
The results for cointegration analysis are presented in Table 2 .
TABLE 2. COINTEGRATION TEST
Regression ADF log(GDP)on log(Energy) -3.7(0.11) log(Energy) on log (GDP) -3.7(0.09)
Notes: In brackets are Mackinnon p-values
The lag lengths as determined by AIC were 5 and 7 respectively for first and second equations. The results for both equations showed that the residuals of both estimated equations were stationary providing evidence that GDP and energy were cointegrated. Therefore, the ECM approach was found to be appropriate in testing for causality between energy consumption and GDP. As shown from table 3, only regression log(Energy) on log(GDP) is statistically significant at 10% level suggesting that there is unidirectional causality running from economic growth to energy consumption. What this means is that including past values of log(GDP) in log(Energy) equation provides a better explanation of the current values of log(Energy). In other words, economic growth causes energy consumption. The results in table 4 showed that there was unidirectional causality running from GDP to energy consumption in Kenya over the sample period. This meant that adding past values of Δlog(GDP) in the Δlog(energy) equation provided a better explanation of changes in energy consumption. This agreed with the results obtained earlier under the standard Granger causality test. Economic growth in Kenya leads to increase in demand for energy.
TABLE4. RESULTS OF ENGLE-GRANGER
CONCLUSIONS
This paper aimed at investigating causality linkage between energy consumption and GDP in Kenya using secondary data over the period . According to EngleGranger cointegration procedure, there is long-run relationship between energy consumption and GDP in Kenya. The study used the ECM approach but compared the results with those of the standard Granger causality approach.
Results found, suggested that economic growth causes total energy consumption in Kenya. The results were similar in both approaches. This result agreed with other previous studies (Kraft and Kraft, 1978 , Jumbe, 2004 , Anjum, 2001 ) but disagreed with others that found that energy drives the economy or a bidirectional causality or neutrality hypothesis. One reason for this result is that Kenya's economy is dominated by agriculture as the major source of income, thus it is not yet an industrialized economy where energy drives the economy. It is less dependent on energy as an input in its GDP production as compared to advanced countries.
The result obtained in this study has important policy implications on Kenya` energy and economic growth policy. Kenya uses a lot of foreign exchange to finance fossil energy imports bill. The country's import bill on crude petroleum and petroleum products amounted to 29,014; 31,354; 40,788; 63,680; and 57,217 Kenya Shilling millions in the years 1997 , 1998 , 1999 , 2000 . Therefore, using energy more efficiently and substituting oil for locally produced renewable energy wherever possible could be a good policy. Energy conservation policy especially on imported fossil energy cannot lead to any adverse side effects on economic growth in Kenya. A lot of foreign exchange can be saved that can be utilized in other productive areas leading to greater economic growth and other benefits such as increased employment.
The other policy implication is that increased economic growth in Kenya, will lead to increased demand for commercial energy holding other factors constant. Therefore, there is need for the country to invest more on renewable energy that has more advantages compared to fossil energy as far as environmental conservation is concerned. In addition, given that there are some indications of petroleum potential within the country, it will save a lot of money spent on importation of petroleum if the government can provide conducive environment that can accelerate its exploitation.
